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Abstract 



intSlTh k °/ ^ reS P" at0 ^ and ab °"i°i ftnns of equine herpesvirus ] (EHV-1) 
Iff' ' ^ h ave been used to investigate the vaccine potential of various EHV-1 -mmunogens the 
effect of ant.viral agents on EHV-1 infection and the pathogenicity of EHV-1 s trX v^ants ,nd 
deleuon or .nsertional mutants. This rev.ew examines thf similarities and Sen's t the 
pathogenesis of primary EHV-1 infection in the natural host, the horse, IdTZ Zl t 
comparmg ttssue tropism. clinical signs of infection, the effects of EHV-1^ on n^eenancv^ 
hacrnatolo gl ca. changes foHowing infection, viral clearance, ^op,^ 1^!" ^ 
evidence sugges* that the mouse model provides a valid method for investigaSn of viro S Inl 

useful and vakd companions and extrapolations can be made of immunological parameters from 
mouse to horse is yet to be determined. © 1999 Elsevier Science B.V All rights re^ed 
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1. Introduction 

oeSatr^Tr^i mVA) is a ™i° r cause of ^piratory disease, abortion 
pennafcl mortality, and occasionally neurological signs in horses (Allen and Bryans 
1986; Crabb and Studdert, 1995). The virus is endemic worldwide and infection has a 
high morbidity and ts easily spread by inhalation of saliva or nasal discharge fomites or 
comarmnated feed or water (Allen and Bryans, 1986). A vaccine which prevent El^-1- 
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ta-r (Wife and^' I^t^l^tT&'r ^ 

many of the featunTof E1W • ^ »>*h mimicked 

infect ta^^S^Lrr^^*? T T C 

gone i„,o identifying s „ sc epdb.e strains of mL Mos ccnToS bIlS? f °" 

C1H ST I } ' However - AMier et al. (1995) found that EHV-1 Infection in 

The development of a useful model has lead to a considerable n„n,h«. ♦ .,• 
investigating the pathogenesis and immune responses V ^ i SL, u 6 ™ 
(Field et al., 1992; Azmi and Field, 1993a b InaTet Vl , w J£ , "J* m ° USe 

9QS n f J f POtent,al ° f various E^' 1 "nmunogens (Tewari et al 1994 
1995; Osterneder et al„ 1995; Stokes et al 19Q6 100-7. v i • , ^ ' 

Packiarajahetal., 1998; Ruitenberg e t l \ »« ^rf^f^', ^ ^ '"^ * 
infection (Field and Awan, 1990; ^ ^iS^SSM^ 1 
pathogenicity of EHV-1 strain variants (Van Woensel et .T^* CoItoL aJ 
deleuon or insertional mutants (Slater et al., 1993- OtJu^^S^n 
al.. 1997; Marshall et al., 1997- Neubauer et ^ 007 ^ ,, V ; Fltzmaunce « 
l qqsm tuj. • i-Neuoauer et al., 1997; Csellner et al., 1998- Walker et al 

Si2?SJTh!!S? to eIuc . idate the similarities and diffe ™ ce; in *i pSo^Si 

of primary EHV-1 mfectioo in the natural host the horse and in the mouse 



2. Tissue tropism 



Following experimental or naturally-occurring infection of horses infectious EHV 1 
b"n hTo^tng ^ tobinateS - ^ ^TlS 

ut erus (E dington et aL) 1986; WhitweIJ a P bSTI^S^^ S)?^S 

et a... 1978; Whitwe,, and Bidden. ,992). ^op^^Z^l"^ 
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staining have revealed virus in endothelial cells of endometrium placenta anrf th. 

In the EHV-l-mfected mouse, infectious virus can be isolated readilv ft™ ! 
turbinates, trachea, lungs, olfactory bulbs, brain and ^J^£a%^ t ^ 
spleen, cervical lymph nodes, adrenals, heart, kidney 0 pancreas (aZ \ « T Z 
nazu et al., 1993; Csellner et al., 1995; Baxi et al., 1996; Marshall an^Re S 99 ) 

foetus riTTrf ♦ ,1 Pregnant miCe ' Virus can be isolated from 

and t\ , k C V 1 31 ' 1991 ; Kukreja et aI - 1998b ' Walker et al 
1998b) and m situ hybndizahon has demonstrated virus in chorionic epithelium anH 
endothelium and placental trophoblasts (Awan et al 1995) epithelium and 

Following experimental EHV-1 infection, not 'all aborted equine foetuses have 
been virolog,cally positive or showed characteristic h^svinia^ifSlZ^ 

S al ^ te the 5 e b ^ T" d — ^-son for abor^X , 
et al 1992). There may be vascular abnormalities in a placenta negative for virus 

m ^naTf e r Cd T iD T" 1 infeCti ° n late in abordon^y bfduTto 

mfectic-n of the foetus and/or placenta may be absent, yet vascular lesions of the 
placenta occur quite commonly (Walker et al, 1998b). As well, a placenta may be 
posmve for vu-us yet its foetus may be negative, and vice versa (Kukreja et al W8b) 
Witfiin a smgle litter from an infected dam, some foetuses may be affected yet others 
wH, be normal (Walker, unpublished data). However, in a case of n^t^nT, 

1993" f ° alS ' b ° th f0etUSCS W6re infeCted With V ^ US S 

It should be pointed out that despite many of the similarities in tissue tropism as 
outhned above, there is no documented evidence of transmission or spread of EhV- 

iS r CSe "7 6t f ' 1995) - Theref0fe ' the m0del does ™ nec ^U offer useful 
insight into the epidemiology or cycle of EHV-1 in the natural host. 



3. Clinical signs of infection 



Primary EHV-1 mfection in the horse may occur before weaning, with foals as young 
as 30 days showing serological evidence or EHV-1 infection (Gilkerson et al 1997b) 
Spread amongst susceptible foals then occurs and is amplified when foals are mixed at 

bTtwcef a dTd n " t ^ ^ is ^ZtZ ^l 

al To«n In T» bUt SOmetunes extendi "8 to 10 days post-infection (pi) (Durta et 

ho-?^ T Biyan , S ' 1986; ° StluDd et aI "' 1991 >- In experimentally-Mected 
horses, respiratory s.gns peak at days 4 to 5 pi and are characterised by rhinopharyngitis 

TT y : eT0 Z bUt latef beC ° meS muc °P^ » the infection proceedf as 
well as tracheobronchms, rhinopneumonitis, lymphadenomegaly, depression and 
inappetence (Allen and Bryans, 1986; McCulloch et a.., 1993). R^soLon of such s£s 
usual y occurs within 12 days pi (Gibson et al., 1992a). clinical signs Z nlX- 
nfected foals have not been described with any certainty and it is possible that the disease 
follows a benign course with rapid resolution and minimal morbidity. Neurological si<ms 
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Expenn.^Uy-i^a horses ££?2£Z£ Im^TJ^ 

Intranasal infection of EHV-1 in the mnn«» *io« ™ , 
and dyspnoea, as well as ?^'^^S^ h ^-««*« l ~ 
dehydrated, have ruffled tnw^T^Tl^^^^ 
^nctivitis, eviden, within . day pi and'reXd ™y J STS pi ££T al ' 

weight trom 12 h pi, and premoculauon body weights are not regained until at least 14 
days p, (Awan e. al., 1990; CbUe et al., 1996; Marshall et al, 1997 Wal ke r " a l 1»8* 

strain causes mild disease only (CoUe « al., 1996). EHV-1 nfecLl moiislt 



Effects of EHV-1 on pregnancy 



tJ^rf EHvT" hT ^ * ab0lti0n ' t0 SOme eXtent on 

me stage or gestation. EH V-t -induced abonion usua y occurs during the last 4 monfh* «f 

~e a : d ^ and f Br r (1963) were ° f «^£^r££ 

e l ed to h/ H , lf m ? Ctl ° n ° CCUrS ^ 115 P"*" 4 "^- ™* thought He 
Tndol L n ^ , nUmber ° f VaSCUlar l6Si0ns and viral an ^° session in the 

SS£^i c 1S^ e 2?r 8M,,t r res compared with raares infected ^ » p^y 

u^^'^^TT y occurs rapidly and with uttle warnin ^ If * e 

is mtected with EHV-1 late in pregnancy, it may be born dead, or alive but weak 

SjTS. t nd febri,e and die with * hou * or days (Hartley an^ Cn 

1979). Other foals may be healthy at birth but succumb to the effects of EHvS ^induced 
tissue damage w lt hin the first week of life (Bryans et al 1977) 

of preVnfncv wS^* 00 f * " alS ° de P endS ° n the st ^ 

wlT^SoT^Sr ,T "* lnf6Cted - InfCCti0n " early ^ Station is ^sociated 
Zv K ^ 565 ( WaD " al - 1995 ^ At ™ d - an d la« gestation foetuses 

aid 199^ f " Lf teUOn may DOt necessaril y ««fcct gestation* length (Kukreja 
et al., 1998b), just as there is no indication that perinatal EHV-1 infection in horseJ 
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reduces gestational age of the foetus (Dixon et al., 1978). However, foetal size in utero 
may be reduced compared with uninfected controls (Walker et al., 1998b) EHV 1 
infection in the pregnant horse does not invariably cause abortion (Smith et al' 1992) 
and similarly, some mouse litters are unaffected by infection (Awan et al 1 991 •' Walker 



5. Haematological changes following infection 

Experimentally-infected horses develop a leucopaenia, due to both a neutropaenia and 
a T cell lymphopaenia, during acute EHV-1 infection and a B cell lymphocytosis durin* 
?nJ°^ V f SCCnt peri0d ( Bum ^ti&T et al., 1982; Scott et al., 1983; Allen and Bryans" 
1986; Gibson et al., 1992a; McCulloch et al., 1993). McCulloch et al. (1993) postulated 
that the lymphocytopaenia may be due to T cells becoming entrapped in lymph nodes 
draining the infection site or perhaps to selective infection and consequent destruction of 
T cells by EHV-1. Neither of these events appear to occur following EHV-1 infection in 
the mouse, where a leucocytosis, due to a neutrophilia and a B cell lymphocytosis during 
the fust few days of infection has been noted (Csellner et al., 1998; Packiarajah et al 
1998; Walker et al., 1998a). These differences may reflect the species variation in their 
response to disease or the dissimilarity between the leucocyte responses of outbred horses 
and inbred SPF mice. 



6. Viral clearance 

The period of virus shedding from the nasopharynx of experimentally-infected horses 
has been reported as varying between 5 and 14 days pi, with most clearing by day 12 pi 
(Bryans, 1969; Allen and Bryans, 1986; Gibson et al., 1992c; Hannant et al., 1993; 
Tewari et al., 1993), although virus isolation may extend beyond clinical recovery (Chong 
andDuffus, 1992). Similarly, virus clearance from mouse lungs following primary EHV-1 
infection has been reported variously as occurring from 5 to 12 days pi, again depending 
on the dose administered and infective viral strain (Awan et al., 1990; Azmi and Field 
1993b; lnazu et aL. 1993; Slater et al, 1993; Tewari et al., 1994; Alber et al 1995- 
Csellner et al., 1995; Walker et al., 1998a). 

Studies on experimental infection in SPF foals found viraemia, detected using buffy 
coat preparations and infectious centre assays, between days 3 to 5 pi and 12 to 16 pi 
(Gibson et al., 1992d). In individual pregnant mares following experimental infection, the 
onset of viraemia varied from days 3 to 14 pi, and for the duration of one study virus was 
recovered continuously from leucocytes from the time it first appeared (Gleeson and 
Coggins, 1980; Smith et al., 1996). In mice, the detection of viraemia using infectious 
centre assays of buffy coat preparations has been variable, reported as occurring from 
days 1 to 5 i.e. during the acute phase of infection by some workers (Awan et al 1990- 
Field and Awan, 1990; Field et al., 1992; Gibson et al., 1992b; Azmi and Field 1993b) 
yet undetectable by others (Kukreja et al., 1998a; Baxi et al., 1996). However, viraemia 
was still discernible at 8 days pi using a second round of nested PCR (Baxi et al., 1996). 



g 
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Histopathology 



epithelium, Jte^l^l™^™*??^' «* occasionally tracheal 
-- CAB, and 3^™^^' 

perivascular agg^S" of SS^tiit^~ , r* f and 

changes peafcin, « day 9 pi (M,e„ and B^W^^SCSS 

et a? ioq^ a ™ *• ■ T* " 6 ' wlutw eU and Blunden, 1992- Kvdd 

endometrium, regardless of me 1^ 0 ^ Z^O^lTTl^ T 

aiseat>e, tnrombi can be found in vessels r»f rh/> cr^ r «^ u v ^ "^mvAusiodi 

cellular response was reduced by 7 days pi (Walker et al iqqs^ m« ■ « P 

hmologtcal abnormalities have not been observed in uterns of EHV ! ' 

mice Hnu/PVAf ft,^ i 111 uterus or xi±iv-i-inlected pregnant 
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ischaemia, was seen at day 3 pi (Walker et al iqqrm i . i_ 

desenbed the most consistent features in the aborts frw>.; y • . ( 979) 
interstitial pneumonitis focal heoX rZ^L T necrotls,Q g bronchiolitis, 

parenchymal cells (Dixon al r cna\ r • , ~ occasionally in the hepatic 
infection m the bronchiolar epithelium CAwar. et al too? 100? a yP 



8. Latency 



(Edington et al., 1985- Gibson et al 1992^ nTLT t' haS ^ mduced 

ai., iyy4, Mater et al., 1994). Latency-associated transcripts (LATs) have been der^t.n 

genome during latency (Baxi et al., 1995). regions ot trie viral 

Virus can also be reactivated following various stimuli in mice previously infected with 
EHV-I w,th ■nfect.ous vims isolated from nasal turbinates and Pff L S^al ,99^ 

i™ S o^^^ 

level of detecnon. However, using in situ PC R and expression of a lacZ reporter gene' 
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9. Conclusion 



fxcln^e use h ^, ^ ? ° f ^ infccti ™ » not perfect^ 

ZHf nl 81 "" ; tIOn f ° r V3CCine StrategieS ' while thc ab ^ion motel my y« 
prove of some use in investigation of aspects of EHV-Linduced abortion 
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